Abstract. The aim of this study was to evaluate the effects of premating ewe weight and age on ewe reproductive performance, lamb growth and survival in Central Anatolian Merino (CAM) sheep.
Introduction
Several factors are reported to influence reproductive performance, and the number of lambs marketed per ewe in the breeding flock is a major contributor to profitability. Sheep live weights (LWs) and age along with nutrition, weather, and season, have been reported to influence reproductive performance (Ray and Smith, 1966; Dickerson and Glimp, 1975; Gaskins et al., 2005; Akhtar et al., 2012) . Increasing the premating weight and age of ewes could increase the pregnancy rate and multiple births (Molina et al., 1994; Gordon, 1997; Demirel et al., 2004; Thomson et al., 2004; Vatankhah and Salehi, 2010; Aliyari et al., 2012; Aktaş and Dogan, 2014) . The effect of ewe LW was reported to be greater than the effect of premating ewe age on the ewe reproduction efficiency (Ray and Smith, 1966; Gaskins et al., 2005; Aliyari et al., 2012; Aktaş and Dogan, 2014) . Lamb survivability is also a very important subject in highly prolific sheep herds (Kott, 2014) . Live weight and age of ewes were reported along with breed, sire, birth rank, and birth weight (BW) as affecting the survival rate (SR) of the lambs (Morris et al., 2000; Thomson et al., 2004; Casellas et al., 2007; Kott, 2014) .
The breed, size, and age of a ewe, the birth type, lamb's sex, as well as maintenance and feeding conditions are known to have an important impact on the BW and weaning weight (WW) of lambs (Dickerson and Glimp, 1975; Gaskins et al., 2005; Notter et al., 2005; Aliyari et al., 2012; Aktaş and Dogan, 2014 ). An increase in the premating weights of the ewes has resulted in a proportional increase in the BW and WW of the lambs (Ray and Smith, 1966; Gaskins et al., 2005; Aliyari et al., 2012; Aktaş and Dogan, 2014) .
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The main objective of this study was to determine the effect of premating LW and age of Central Anatolian Merino (CAM) ewes on their reproductive performance and on the growth characteristics and survivability of the lambs in the breeding herds.
Materials and methods

Animals and environment
This study included 23 Central Anatolian Merino (CAM) breeder flocks that were registered in a nationwide project called "Improvement of Central Anatolian Merino Sheep in Breeder Condition". The CAM sheep was developed in Turkey by crossing the native sheep, White Karaman (20 %), and the German Mutton Merino (80 %) breeds (GDAR, 2011) . The data were collected from CAM ewes (n = 4935) and their lambs (n = 5548) during the 2012 breeding season and the 2013 lambing season. The ewes were weighed 1 week before the mating season (September-October) and grouped by their LW as ≤ 49, 50-54, 55-59, 60-64, 65-69 , and ≥ 70 kg. A total of 197 rams (an average of 1 ram for 25 ewes) were used in the mating season. Flock breeding was performed in all flocks, except for two flocks in which hand breeding was performed.
CAM sheep are generally raised in the Central Anatolia Region of Turkey (GDAR, 2011) . The study was carried out in the Çifteler and Sivrihisar districts of Eskişehir Province in Turkey (located between 39 • 34 N and 31 • 17 E; 792 m a.s.l.). The region is located in northwest Eskişehir, an area consisting of plains surrounded by mountains and forming the Sakarya Basin. Ranges and pastures with lowquality crops constitute 23.8 % of the provincial land (Eskişehir Provincial Directorate of Food, Agriculture and Livestock, 2014). The region has cold and snowy winters and hot and arid summers. The annual rainfall was 374 mm in 2013 (Eskişehir Provincial Directorate of Environment and Urban Planning, 2013) . In the region, housing for the sheep is usually simple and traditional with buildings made of working stone, bricks, or briquettes.
Diets and feeding
The registered producers were required to follow similar procedures with regard to suckling and feeding of lambs for the first 120 days of age. The producers were not allowed to fatten lambs until day 120. The ewes were fed on the pasture except in the snowy winter period, during which they were supplied with roughage (a mixture of wheat and vetch straw) and grains (400 g day −1 ). After giving birth, the ewes were grazed on the pasture beginning in April and then on stubble after the grain harvest. Ewes were fed 500 g day −1 of a concentrate composed of cottonseed meal and mainly barley during the last phase of the pregnancy. Amount of the concentrate was increased to 1 kg day −1 after the birth until the start of the pasture period.
After lambing, the ewes were kept with their lambs in pens containing small groups (12-15 and 5-7 ewes for singleton and twin lambing, respectively) for 2 weeks. Lambs were allowed to suckle freely and were not provided with any additional feed for the first 2 weeks. Starting from the third week of lambing, the ewes with their lambs were combined into bigger pens, and the lambs were allowed ad libitum access to alfalfa hay and lamb starter feed for 2 weeks. Lambs were separated from the ewes at 30 days of age, allowed to suckle twice a day and were fed 250-300 g concentrate feed containing mostly barley and cottonseed meal and ad libitum alfalfa and vetch hay until reaching 60 days of age. At 2 months of age, the lambs began to graze in the pastures close to the sheepfolds as separate flocks from the ewes. Suckling frequency was gradually reduced beginning at day 60, and lambs were weaned at 75 days of age. After weaning, the lambs grazed as a separate flock and were fed 250 g day −1 of concentrate feed until reaching 120 days of age.
Data collection
The mating season was begun on 1 September and insemination was completed within 60 days in all study flocks. LWs of the ewes were determined 1 week before the start of the mating season using digital scales with a sensitivity of 100 g. Newborn lambs were ear-tagged and traits (i.e., birth type, birth weight, and sex) observed in the study were recorded. Lamb weights were also obtained at days 75 and 120. The data were adjusted using interpolation. Then the number of lambs that survived until days 75 and 120 were used to determine survival rates for those days.
Statistical analysis
Binary logistic regression analysis was used to determine the influence of the LW and age of the ewes on the fertility rate, multiple birth rate (MBR), and SR of the lambs. Binary variables were coded as 1 (lambed) and 0 (did not lamb) for fertility rate and 1 (single birth) and 2 (multiple birth) for MBR. Furthermore, 1 (survived) and 0 (dead) were used for the SR of the lambs on days 75 and 120. A simple regression analysis was performed to investigate the relationship between the premating LW and the age of the ewe with the LWs of the lambs.
The effects of ewe premating LW and age, lamb sex and birth type, and the farm on the growth (BW and LWs at days 75 and 120) of the lambs were analyzed by an analysis of variance (ANOVA) using least squares means.
The mathematical model used to analyze the growth characteristics was as follows:
Arch. Anim. Breed., 58, 451-459, 2015
www.arch-anim-breed.net/58/451/2015/ where Y represents the traits and µ is the overall mean. A i is the ewe's LW, where i =≤ 49, 50-54, 55-59, 60-65, 65-69, and ≥ 70; B j is the ewe's age, where j = 1.5, 2.5, 3.5, 4.5, 5.5, and ≥ 6.5; C k is the birth type, where k = 1 (single) and k = 2 (multiple); D l is the lamb's sex, where l = 1 (female) and l = 2 (male); E m is the farm (flock), where m = 1-23, and e ij klm was the random residual. A Tukey test was used to calculate the significant differences between the LWs of the lambs. For statistical analysis, Minitab software was used (Minitab 16.1.1 for Windows Minitab Inc; State College PA, USA).
Results
Premating live weights of ewes
Premating LWs of the CAM ewes are given according to ewe age in Table 1 . The LWs of 1.5-year-old ewes were lower (P < 0.01) than the LWs of older ewes. In another study, performed with the CAM ewes in 1969-1971, LWs of ewes were 48.7, 54.8, 58.7, 59.4, 59 .6, and 59.4 at ages 1.5, 2.5, 3.5, 4.5, 5.5, and 6.5+, respectively (Yalçın et al., 1972) . Both studies show that the CAM sheep reach the highest body weight at 5 years of age. The LWs in both studies were very similar at and after 3.5 years of age.
Effect of ewe premating live weights on the reproductive performance and survival rate of the lambs
The reproductive performance of CAM ewes and the SRs of the lambs according to the premating weight of the ewes are given in Table 2 . The odds ratios of the binary logistic regressions for the effect of ewe premating LWs on the fertility rate, MBR, and SR of the lambs are provided in Tables 3, 4 , and 5, respectively. The fertility rate and odds ratio had a curvilinear relationship with the LW of the ewes (Tables 2 and 3 ). Only in ewes ≤ 49 kg was the odds ratio lower (P = 0.018) than in the ewes in the 60-64 kg group (Table 3 ).
The differences in the odds ratio of the LW groups in terms of the MBR were significant (P < 0.001).The MBR and odds ratio increased proportionally with the increase in the premating LW of ewes (Tables 2 and 4 ).
The effect of ewe premating LW on the survivability of lambs at days 75 and 120 was not significant. However, the SR and the odds ratio of lambs tended to increase in tandem with the increase in the ewe premating LW (Tables 2 and 5 ).
3.3 Effect of the ewe's age on reproductive performance and the survival rate of lambs
The reproductive performance of CAM ewes and the SRs of lambs according to the premating age of ewes are provided in Table 6 . Furthermore, the odds ratios of the binary logistic regressions for the effect of ewe premating age on the fertility rate, MBR, and SR of the lambs are given in Tables 7, 8 , and 9, respectively. The fertility rate and odds ratio had a curvilinear relationship with the age of ewes (Tables 6 and 7 ). The fertility rate was affected by ewe age and the 1.5-year-old group was less fertile (P < 0.05-0.001) than ewes in the older groups (Table 7).
The MBRs showed a constant increase in tandem with the ewe premating LW (Table 2 and odds ratios of Table 4 ). The age of the ewes also affected the MBR (P < 0.001). The odds ratio for the MBR was lower (P < 0.009-0.001) in the 1.5-year-old group than the ratios in the older ewes, and the odds ratios in the 4.5-and 5.5-year-old groups were higher than the odds ratios in the other age groups (Table 7) .
The effect of the ewe premating age on the SRs of the lambs at day 75 was insignificant, but it was significant at day 120. Lambs born to ewes in the 3.5-and 4.5-year-old groups had a better (P < 0.012-0.041) odds ratio for SRs than lambs born to ewes in the 1.5-year-old group at day 120 (Table 9) . 
Effects of ewe premating live weight and age and lamb's birth type and sex on the growth performance of the lambs
The effects of ewe's premating LW and age and the lamb's sex and birth type on the BW and growth performance of the lambs are shown in Table 10 . Ewe premating LW had a significant effect (P < 0.001) on the lambs' BW and LWs at days 75 and 120. The highest BW and LWs at day 75 and day 120 were recorded in lambs born to the heaviest ewes, with ≥ 70 kg premating LW, whereas the lambs born to sheep with ≤ 49 kg LW had the lowest BW and LWs at day 75 and day 120. It is also shown that the BW and LWs of the lambs at days 75 and 120 increased proportionally with increasing ewe premating LW. Calculations showed that in response to each kilogram of increase in the LW of the ewes, the BW and LWs of the lambs at weaning and day 120 increased by 6, 71 and 82 g, respectively. The age of ewes had an effect on the BW and LWs of lambs (Table 10 ). The BW of the lambs from the 1.5-yearold group was lower (P < 0.001) than the BW of the lambs from the 2.5-to 4.5-year-old groups. The lamb LWs at days 75 and 120 increased with maternal age. However, the LW of the lambs at days 75 and 120 differed only between groups of lambs born from the 1.5-and 4.5-year-old ewe groups (P < 0.003, Table 10 ).
The BW and LWs of lamb at weaning and day 120 were affected by both lamb sex and birth type (P < 0.001). The weights of lambs were higher in the males than the females a,b,c,d Values with different letters differ significantly within the same column (P < 0.01). * The effect of farm is not shown in Table 10 .
and in the singletons than the multiples in all periods (Table 10).
Discussion
Fertility rate and multiple birth rate
In present study, the fertility rate and odds ratio had a curvilinear relationship with the ewe premating LW (Tables 2 and  3 ). However, there was a significant difference only between two weight groups (≤ 49 and 60-64, Table 3 ). The MBR and odds ratio for the MBR increased proportionately to the ewe premating LW, and the heaviest ewes (i.e., ≥ 70 kg) had the highest MBR (53.1 %). The current findings are similar to those of McLaughlin (1970) , Molina et al. (1994) , Gordon (1997) , and Vatankhah and Salehi (2010) that offspring number and sheep efficiency were affected by the increase in the ewe LW. Similarly, MBR was found to increase proportionately to LW increases in the Afshari ewes: the heaviest (74-80 kg) group had the highest MBR (Aliyari et al., 2012) . In another study, the twinning rate was reported to increase with the LW of the ewe in Awassi sheep, where the highest rate of twin births was at 51-55 kg (Thomson and Bahhady, 1988) . Heavier ewes achieved puberty in the first breeding season, had a higher number of lambs, and produced more multiples at 2 years old (Edwards et al., 2014) . Kenyon et al. (2014) reported a greater effect of ewe LW on reproductive performance in younger ewes than older ewes. All these data indicate that well-developed ewes may have an advanced reproductive performance compared to weaker ewes at the same age. In this study, the fertility rate and MBR had a curvilinear increase with the age of the ewe. The 1.5-year-old group had a lower fertility rate and MBR than the older ewes (Tables 6,  7 and 8) . Similar outcomes where the fertility rate and MBR of 2-year-old ewes were lower than in the older ewes have been reported (Demirel et al., 2004; Thomson et al., 2004; Aliyari et al., 2012; Aktaş and Dogan, 2014) . Dickerson and Glimp (1975) reported that the number of lambs born per 100 ewes showed a curvilinear increased with the age of the ewe from 100 at 1 year to 160 at 6 years and back to 135 for 9-year-old ewes. However, according to the findings of McLaughlin (1970) , the age of the Merino ewe had no effect on reproductive performance.
Survival rates of lambs
In the current study, the effects of the ewe LW on SRs of the lambs at day 75 (93.2-95.4 %, Table 2 ) and day 120 (86.4-89.9 %, Table 2) were insignificant (Table 5 ), but the SRs tended to increase with increasing ewe LW (Tables 2 and  5 ). Concerning the effects of dam age on lamb survivability, similar results were reported by Yalçın et al. (1972) in the CAM sheep raised on a state farm in Central Anatolia. However, in that study, relatively higher lamb survival rates in all age groups and different periods could be attributed to better conditions at the state farm compared to producer conditions. Aktaş and Dogan (2014) have reported that the SR was higher in lambs born to the heaviest ewes when compared to the SR of lams from lightest ewes in White Karaman sheep.
In this study, ewe age affected the SRs of the lambs at day 120 (86.2-89.9 %, Tables 6 and 9) but not at day Tables 6 and 9) . In CAM sheep, the highest lamb survivability was achieved in lambs from 3.5-and 4.5-year-old ewes at days 120. According to the findings of Sawalha et al. (2007) , the hazard rate was lower for the lambs of intermediate-age ewes compared to those of younger or older ewes in the first 2 weeks postpartum. However, in these lambs the SRs of were not affected by the age of the ewe during the periods of 15-120 and 121-180 days. Two other studies reported that the SR until the weaning of lambs born to 2-year-old ewes was lower than in those born to older ewes (Demirel et al., 2004; Thomson et al., 2004) . In spite of a smaller litter size, a consistently high mortality rates was reported for lambs born to 2-year-old ewes (Morris et al., 2000) . In that study, the SR was higher in lambs of 3-and 4-year-old ewes and lower in lambs of 2-and 5-year-old ewes. Knight et al. (1988) also reported a quadratic effect of ewe age on lamb survival that increased in concert with increasing ewe age up to 5 years and then declined rapidly for 6-year-old ewes. Lower SRs for lambs from the youngest ewes could be explained by weaker prenatal nutrition due to young ewes being smaller and/or still developing in addition to providing poorer postnatal maternal care that may lead to hypothermia (Berger, 1997) .
The variation in terms of the SR in lambs between this study and other studies may stem from differences in the fertility rate and MBR of the different breeds, feed sources and quite likely maintenance, and climatic conditions.
Live weights of lambs
In the current study, LWs of the lambs at birth and at days 75 and 120 increased in proportion to the increase in LWs of the ewes. The highest LWs were observed in the lambs born to the heaviest ewes (Table 10) . Similarly, the increase in the WWs of the lambs was related to increasing dam weights by Ray and Smith (1966) , Yalçın et al. (1972) , Gaskins et al. (2005) , Aliyari et al. (2012) , and Aktaş and Dogan (2014) .
In the current study, when the LWs of lambs born to the heaviest and the lightest ewes were compared, the heaviest group produced lambs that weighed 11.4, 17.8, and 14.3 % more in terms of BW and LWs at days 75 and 120, respectively. In addition, a 1 kg increase in the maternal LW was found to result in 6, 71, and 82 g increases in lamb BW and LWs at days 75 and 120 day, respectively. The increases in the growth rate of lambs were higher than those reported by Ray and Smith (1966) . In the current study, the lambs had an average BW equal to 7.44 % of the LW of the ewes, 458 A. H. Aktaş et al.: Effects of ewe live weight and age on the Central Anatolian Merino sheep which had an average weight of 58.9 kg. Similar values (6.5-10.6 %) were reported by Donald and Russell (1970) for ewes with LW of 100 kg. When the lamb BWs were categorized by ewe weight, lambs had 8. 4, 8.1, 7.6, 7.1, 6 .7, and 6.6 % of the LW of the ewes weighing ≤ 49, 52, 57, 62, 67, and ≥ 70 kg, respectively. These findings confirm the theory that BWs of a litter as a proportion of ewe weight decrease, while maternal weights increase. As shown in this study along with other studies (Ray and Smith, 1966; Aliyari et al., 2012) , the highest LW produced lambs with the highest BW. Most likely, the reason for this phenomenon is the body fat degradation serving as a source for more milk production in the heavy ewes. In addition to this, most lighter ewes may be first-time lambing, young ewes with a lack of experience, which might result in poorer maternal care compared to mature ewes (Corner et al., 2013) .
In the present study, the BW of lambs born to ewes in the 1.5-year-old group was lower than the BWs of lambs born to ewes of the 2.5-, 3.5-, and 4.5-year-old group. Furthermore, LWs of these lambs at days 75 and 120 were significantly lower than those of the lambs born to 4.5-year-old ewes (Table 10). Similarly, the BW and WWs of lambs born to 2-yearold ewes were lower than those of lambs born to older ewes (Saghi et al., 2007; Koncagül et al., 2013) . In another study, the age of the ewe did not affect the weight of lambs at birth, but the 2-and 7-year-old ewes tended to wean lighter lambs (Ray and Smith, 1966) . However, some researchers could not find any significant differences between the ewe age groups in terms of birth and weaning weights (Cemal et al., 2005; Aliyari et al., 2012; Aktaş and Dogan, 2014) . Less-developed mammary glands and, therefore, insufficient milk production for their lambs may be the reason for lighter lambs from 2-year-old ewes.
In agreement with several studies (Saghi et al., 2007; Ozder et al., 2009; Koncagül et al., 2013; Aktaş and Dogan, 2014) , a lamb's sex and birth type had an important impact on the lamb's BW and LWs at weaning and day 120 (Table 10) , with an advantage of male and singletons over female and twin lambs.
In conclusion, the MBR, BW, and LWs of the lambs at weaning and day 120 were affected by the premating LW and age of the CAM ewes, and these features improved proportionally with increasing ewe LW. Consequently in most instances, the heavier ewes can be expected to produce heavier lambs at weaning and at day 120 in the CAM breed. The age of ewes alone or in combination with the LW should also be taken into account whenever possible since reproductive performance of the ewes and growth performance of their lambs were low in first-time lambing ewes compared to older ewes. Therefore, a better reproductive performance and high profitability may be achieved by increasing the premating weight of ewes through improved feeding strategies. This is especially important in first-time lambing ewes that are raised under poor nutritional conditions. In summary, a better reproductive performance and lamb growth rate in CAM sheep may be achieved by selecting breeding ewes that have a better nutritional status and attain higher LW at puberty and, therefore, in the following years.
